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1.0 INTRODUCTION

This report assesses the performance of the 360L003, Third Flight, Rede-
signed Solid Rocket Motors (RSRM) in respect to joint sealing 1issues as
seen from post-test inspection of the seals and sealing surfaces. The
structural performance of the field, nozzle-to-case joints, and the case
membrane are evaluated. In addition, all disassembly observations classi-
fied as potential anomalies are discussed, along with the Redesign Program

Review Board (RPRB) position.

Figure 1 illustrates the RSRM, consisting of capture feature field joints
with the J-joint insulation configuration (see Figure 2). Figure 3
illustrates the nozzle-to-case joint design, which includes 100, 7/8-inch
radial bolts in conjunction with a wiper O-ring and modified insulation
design. The ignition system seals and a cross section of the igniter are
illustrated in Figures 4 and 5. Figures 6 through 10 show the configura-

tion of all internal nozzle joints.
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2.0 SUMMARY

2.1 Structural Performance Summary

The girth gage measurements from the field and nozzle-to-case joints
compare closely to corresponding gages on static tests and to pretest
predictions. The predictions used a typical load case rather than actual
loads, so they were only expected to predict the order of magnitude. The
highest percentage difference with the predictions was 19.3 percent on
the field joint girth gages (left SRB, center field joint), 41.0 percent on
the nozzle-to-case joint girth gages (left SRB), and 13.3 percent on the
case membrane (right SRB). The forward field joint girth gages on the left
SRB, and a few others down the motor contained a spike in the data during
the ignition transient. This spiking is similar to that seen on flights
360L001 and 360L002. Girth gage data on the forward field joint, and
several on the center field joint of the right SRB, show a delay before
movement occurs. This phenomena has been determined to be an electrical

instrumentation problem, and was not caused by physical loading.

The biaxial gage 1line load measurements compared well with predicted
values. The biaxial strain gage data for each station was used to
calculate a stress distribution, and this information was used to calculate
bending moments and axial force as a function of time. These data were
plotted, and the results show the maximum bending moment occurred on the

left SRB (station 1797) during SSME build-up, reaching a maximum value of

TWR-17542 l v
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-264 x 106 in-1b. The axial force reached a maximum of -13.41 kips at

Station 556 on the right motor, and occurred at lift-off. The maximum line
load was -28 kips/inch and occurred at Station 556 on the right motor.
Flight data were also plotted with the flight envelopes and revealed a
close correlation. Data were also plotted with previous flights, and the

correlation was good.

2.2 Post Fire Inspection Summary

The post fire inspection of both motors showed the seals component to be in
excellent condition except for the wiper O-ring from the right hand motor
vhich suffered a gouge (see Figure 11) form a radial bolt hole plug during
disassembly of the nozzle-to-case joint. Details of inspections performed
at A-2 by the O-ring Inspection Team can be found in Section 5.0 of this

report.

There was no evidence of hot gas or soot past the J-seal on the six field
joints or past the polysulfide on the two nozzle-to-case joints. The
igniter joints showed no hot gas or soot past the primary seals. There was
no soot to the aft exit cone primaries and there was no evidence nf soot or
hot gas past the primary seals on any of the internal nozzle joints. The
left aft exit cone joint showed severe damage from splashdown; the phenolic
was stripped to bare metal and both the primary and secondarvy O-rings

suffered extensive damage.
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There was light surface corrosion on the outer clevis leg on all the field
joints, no corrosion was found on any sealing surfaces. Intermittent
aluminum corrosion (A1203) vas found between the primary and secondary
seals on the right aft exit cone joint. Overall the grease application to

all field and nozzle-to-case joints was nominal.

The factory joint disassembly inspections for this flight set; except for
both aft segments, left forward segment, and the left aft center segment
vere omitted. The decision was based on the rational that there is
sufficient information in the present data base, and this would give H-7
refubishment operations a faster turn around time. The factory joint
disassembly inspections will resume for 360HO05 (fifth flight) through
360L007 (seventh flight) due to a new grease application being used during

the assembly process.

The Seals Component Post Fire Assessment Team has identified two obser-
vations, made during disassembly inspections, as "potential anomalies."
The two potential anomalies were further classified as "minor anomalies".
They are:
1. 0.D. extrusion damage on secondary O-ring from the right aft
field joint custom vent port plug.
2. Radial scratches across the sealing surface of MS9902-01 leak
test port plugs that are used in the barrier-booster and safe

and arm devices.

No major or critical anomalies were found in the joint sealing system of

360L002.
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3.0 POST FIRE INSPECTION OBJECTIVES, O-RING SQUEEZE AND LEAK CHECK RESULTS

Post-fire inspection objectives are addressed in Reference 1. Calculations
for Flight 360L003 0-ring squeeze are given in Reference 2. The results of
the leak check of Flight 360L003 boosters are addressed in detail in

Reference 3.

4.0 STRUCTURAL ASSESSMENT

The Redesigned Solid Rocket Motors (RSRM) of Flight 360L003 wvere fully
jnstrumented to evaluate motor performance during hold-down, liftoff, and
ascent through separation. This section details the structural assessment
of the case field joints, nozzle-to-case joints and case metal components.
Comparisons to flight envelopes and previous flights will also be

presented.

In most cases, actual test data are compared to predicted values for each
location and are shown in the Tables. A detailed global model of the RSRM
wvas used to predict joint and case structural responses. This finite
element model uses super element techniques to model all components of the
RSRM in detail (except for the nozzle-to-case joint, which will be
discussed in Section 4.5). Rockwell 1load case LO2044R was chosen to
represent typical loading parameters which are imposed upon the RSRM during

liftoff.
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This 1load case includes a time span from zero to ten seconds, with SRB
ignition occurring at approximately 6.5 seconds, and was expected to
predict displacement and strain values within an order of magnitude only.
A detailed description of the model and analysis techniques used in

predicting the structural response of the motor is found in Reference 4,

The predictions included in the Tables are ratioed to the Flight 360L003
pressure. The ratios were determined by multiplying the original
prediction by the ratio of the estimated Flight 360L003 pressure to the
prediction pressure. This is done because these predictions were
calculated assuming a joint pressure, which is somewhat different than the
actual pressure for a specific location. Therefore, by using the ratio of

the predictions to Flight 360L003 values, a comparison can be made.

The calculation of the pressure ratio works as follows: Maximum radial
grovth, e.g., girth strain, for a particular location is found from test
data, and the time at which it occurred. The head-end pressure at this
time 1is next determined. Also, a predicted pressure drop at this time is
found. For Flight 360L003, the predicted pressure drops are given in

Reference 5. Therefore, the pressure ratio is:

[ Head End Pressure - Predicted Pressure Drop ] = Pressure Ratio
Predicted Pressure

The percent difference between analysis and measured data is given by:

[ (Pressure Ratio x Prediction) - Measured ] x 100
Measured

TWR-17542 v
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Biaxial strain gages were placed in the aft field joint and ETA ring
regions and also around the nozzle-to-case joints and used to calculate the
corresponding hoop and axial stresses. These stresses illustrate the
effects of the ETA ring on the aft field joint and vectoring on the nozzle-
to-case joint. The 1local stresses are then compared to the predicted
values. Each table shows the maximum experienced hoop stress and its
corresponding axial stress. Since the hoop stress is much larger than axial
stress, this represents the maximum stress for each of the areas, and a

safety factor can be determined.

The predictions included in the tables (not including the nozzle-to-case
joint) are the maximum expected values for the first three seconds of

flight. Tables are also included to show the maximum experienced axial and

hoop strain for the duration of the flight.

The strain gages were zeroed after SRB stacking, but before mating with the
orbiter and external tank, so the strain gages report some initial strain
before launch, which is caused by the weight and induced bending of the

orbiter and external tank. Because of when they were zeroed, the strain
gages do not show any strain resulting from the weight of the segments
above them. It would be ideal to know the actual strain experienced by the
case at every instrumented location for every flight event. After separa-

tion, and before chute deployment, the SRBs are essentially in a free state
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(free fall), with very little, if any motor pressure, and very small
external loads. For this reason, all strain gages were adjusted to end at
zero strain at this point in time. This shifting of the data show, as near
as possible, the actual strain level at any point during flight. Because
the data is shifted at every time, it also shows the strain caused by the
wveight of the case segments prior to SSME build-up. It should be noted,
howvever, vwhen comparing strain values with predicted values, the data has
been adjusted to start at zero rather than end at zero. The reason is
because the predictions represent a delta change from the state before SSME
ignition to the state after full SRB motor pressure has been achieved.

This is necessary to show a true comparison with predictions.

Once this adjustment has been made, the strain values are input into
Program SLBO1 which calculates the stress distribution around the case.
The output from this program is put into Program SLBO6 which calculates
bending moment and axial force. The results of this program are presented
as a function of time. The results of this program were also plotted with
previous flight data as a function of time, and with the envelopes for

specific flight events as a function of station. The average line load for
each is calculated using the bending moment in each direction (MY and M2),
and the axial force (VX). The results are plotted as a function of time

for Stations 556.6, 876.5, 1196, 1466, 1501, and 1797 (see appendix A).
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4.1 Instrumentation

Instrumentation (girth and biaxial strain gages) was placed on, and close
to, the field and nozzle-to-case joints to characterize joint performance.

Following is a list of gages used and their function.

Measures the average hoop strain for the entire 360
degree circumference. From the hoop strain, radial
deflections are determined from the product of
measured (average) girth strain and the nominal
hardvare radii at the corresponding gage location.

Joint Girth Gages

Biaxial Gages - Measures local axial and hoop strain, rather than
average, incurred in the case during flight. From
these strains, stress can be calculated.

Installed in the igniter to measure head end chamber
pressure.

Pressure Transducer

Thermocouple - Monitors temperature.

4.2 Field Joint Girth Gage Performance

Flight 360L003 instrumentation on both the left and right RSRM consisted of
six girth gages per field joint. Tables 1 through 6 list the girth gage
response from zero to three seconds and the maximum strain for -10 to 120
seconds for the forward, center and aft field joints for both the left and
right motors. These tables compare the maximum measured strain and corres-
ponding radial growth with the predicted values for the forward, center and
aft field joints. The results show good correlation between analysis and
test data. All field joint predictions are within 19.3 percent of
measured values. The maximum experienced radial growth was 0.172 inch,

wvhich occurred on the forward field joint at Location 1 on the left SRB.
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Tables 7 through 9 compare Flight 360L003 with several static motors,
Flights 360L002, 360L001, and predictions. It can be seen from these
tables that the correlation is good. Close study of the field joint growth
behavior show the joint is rotating outward. This is evidenced by the
higher radial growth values at the forward and aft ends of each joint, and

the lower values closer to the pin centerline.

The center and aft field joint girth gages of the right SRB had spikes in
the data during the ignition transient. There are a fev other gages on
both the left and right motor that illustrate some degree of spiking. The
values in Tables 5 and 6 (Center and Aft field joints respectively) contain
the maximum values found after the spiking in the data occurred (Time range
of 0.6 to 3.0 seconds), and the maximum value found for the full time
duration (Time range of -10 to 120 seconds). It has been determined that

the spiking phenomena is not pressure related because:

1. Head end pressure gages are smooth with no spiking.

2. Spiking occurs at 0.25 second vhich is before peak head end
pressure at approximately 0.6 second.

3. All spiking occurs at exactly the same time (0.25 second).
If it vere pressure related, there would be some finite delay
as the pressure went down the motor.

4. Hoop strain biaxials located in the same areas do not exhibit
spiking.

It is difficult to attribute any external physical loading to this pheno-
mena because all spiking occurs at exactly the same time in a distance of
over 13 feet. Some time delay would be expected if physical loading were

present.
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An investigation indicates no reason to disbelieve the gages because:

1. The spiking gages. were independent from each other; i.e.,
they vere connected to different cables vhich lead to the
data acquisition system.

2. The gage factors showed nothing out of the ordinary.

3. After the spiking occurs, the gages track normally giving
acceptable (and believable) readings.

4, Post-flight inspection of the gages is not possible since
vhen the protective cork covering is removed the gage is
essentially destroyed.
Additional investigation into these phenomena indicate the spiking is an
electrical/instrumentation problem associated with the girth gage, and is
not caused by physical loading on the case. This conclusion was reached
after instrumentation on Flight 360L003 showed conflicting data betwveen

adjacent girth and biaxial gages. Multiple biaxial gages showved normal

case behavior, while the girth gages contained spiking data similar to that

seen on Flight 360L002.

To further verify the conclusion stated above, the recommended course of
action is to carefully inspect, during refurbishment, the cases which had
the gages showing spiking. The cases should be inspected for out-of-
roundness, case thickness, and any other abnormalities. It is also
recommended that during the hydrotest, a series of girth and biaxial gages
be installed to measure case strain. Since these phenomena is not fully

understood, it is also recommended to continue DFI instrumentation of

future flights to help determine if this is a real event.

TWR-17542 v
REVISION DOC NO. VoL
:u =c |““‘ [ T




W CORPORATION

SPACE OPERATIONS
Another interesting event occurred on the forward (all gages) and center
(three most forward gages) of the right SRB. In these gages, there vas a
time delay (approximately 0.25 seconds) before these gages showed an
increase in magnitude. A girth gage is normally linear with pressure, but
these show no response until the head end pressure is approximately 600
PSI. It is also interesting to note that biaxial gages in the membrane
just aft of each of these joints respond normally, with no delay. The
center field joint is the most interesting of all since three of the girth
gages show the delay, two gages show spiking, and one gage is bad. All of
these gages felt the same motor pressure, but responded differently. For
these reasons it is believed that the gages that showed the delay are

faulty gages.

4.3 Case Membrane Girth Gage Response

Instrumentation on both the left and right RSRM consisted of seven girth
gages on the case membrane. Tables 10 and 11 list the girth gage response
from zero to three seconds and compares the measured strain and calculated
radial growth with predicted values (these predicted values are for the
first three seconds only). Also listed is the maximum radial growth for
-10 to 120 seconds. Every prediction is within 13.3 percent of measured
test data. Table 12 shows the comparison of Flight 360L003 with several
static tests, Flights 360L002, 360L001, and predictions (from zero to 120
seconds). This table shows a good correlation vith these tests. The value

for Station 1637.5 excludes the spiking event at 0.25 second (Section 4.2).
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The maximum girth strain for the duration of the flight is slightly larger
than that found from zero to three seconds. The maximum radial growth

occurred at station 611.5 on the left SRB, and has a value of 0.279 inch.

4.4 Case Biaxial Stresses

4.4.1 Case Line Loads, Aft Field-to-ET Attach Joint

Flight 360L003 instrumentation consisted of biaxial gages at seven
locations along the case (4 pair on Stations 556.50, 876.50, 1196.50,
1466.00, and 1797.00 and 9 pair on Stations 1497.0 and 1501.00).
Tables 13 and 14 illustrate the hoop and axial strain values with corres-
ponding predictions for the first three seconds of flight. A good correla-
tion between measured and predicted values is shown, with the exception of
Station 1330 in the axial direction. The strain gages are located on the
outer leg of the clevis, and forvard of the pins. This location is not as
constrained as other areas on the joint, so the behavior is different, and

less predictable - especially in the axial direction.

Table 15 lists the maximum hoop and axial stresses measured from biaxial
gages for the total 120 second burn time. These tables do not provide a
comparison between test data and analysis. Analysis was performed for the
initial 3 second burn time only, which does not necessarily correspond with
maximum stress occurrence. The maximum measured hoop stress occurred at

station 1466 at 98 degrees on the Right SRB, measuring a local stress of

133.2 ksi. The ultimate strength of D6AC steel is 214 ksi with biaxial
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Table 13 360L003 (STS-29) Comparision of Maximum Predicated vs. Measured
Biaxial Strain Values (Zero to 3 Seconds) Left SRM

REVISION

Maximum Axial Strain (# in/in)

Maximum Hoop Strain (g in/in)

Measured

Predicted

Gage Nanme
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Deg. Gage Name

Station
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Table 13 (Continued)

REVISION A

Maximum Axial Strain (4 in/in)

Maximum Hoop Strain (u in/in)

Measured

Predicted

Predicted Measured Gage Name

Gage Name

Deg.

Station
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f Maximum Predicated vs. Measured

Biaxial Strain Values (Zero to 3 Seconds) Right SRM

1sion o

Table 14 360L003 (STS-29) Compar

REVISION A

Maximum Axial Strain (x4 in/in)

Maximum Hoop Strain (u# in/in)

Measured

Predicted

Predicted Measured Gage Name

Deg. Gage Name

Station
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Table 14 (Continued)

REVISION

Maximum Axial Strain (¢ in/in)

Maximum Hoop Strain (¢ in/in)

Measured

Predicted

Gage Nanme

Predicted Measured

Gage Name

Deg.

Station
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improvement. The maximum measured hoop stress results in a safety factor
(SF) of 1.61 with the ultimate strength. The yield strength of D6AC is 180

ksi. Therefore, no local yielding occured in this area.

4.5 Nozzle-to-Case Joint Performance

Flight 360L003 instrumentation on the nozzle-to-case joint consisted of six
girth gages, and two stations of biaxial gages. Results at these locations
are compared to analytical results acquired from a three-dimensional finite
element analysis. The analysis was performed with the finite element code
ANSYS using a 1.8-degree model of the nozzle-to-case joint. Near the joint

region, the model was three-dimensional, transitioning into two dimensional

awvay from the joiﬁt.

The following assumptions and parameters were included in the model:

o Nominal values for material properties and hardware
dimensions

o Preload of 140 kips in the axial bolts and 47 kips in the
radial bolts

o Internal pressure of 920 psig applied up to the backside of
the primary O-ring groove

o Frictionless joint behavior
o Zero vectoring nozzle condition
o Propellant and insulation was not modeled
TWR-17542 v
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Because the model 1is cyclic-symmetric, any circumferential variation
indicated by test data will not be taken into account. The analysis was
performed at 920 psig which was linearly scaled to the estimated nozzle
stagnation pressure, vwhich involves approximately five percent error

because of the nonlinear analysis.

4.5.1 Nozzle-to-Case Girth Gages

Radial deflection is an important parameter to characterize, since 1t is
proportional to joint hoop stress. Tables 16 and 17 list the girth gage
response during the flight and compare it to analysis. These tables show a
good correlation with predicted values with the exception of gage B08G8314
(the percent difference for this gage is 41X). The percent difference
ranges from 8.3 to 26.1, excluding the above mentioned gage. These tables
also show the maximum experienced strain and radial growth for the duration
of the flight. As expected, calculated radial growths indicated a "prying
open" action and outward rotation of the joint. The maximum radial growth
vas 0.101 in. and occurred at Location 4 on the left SRB. Table 18 is a
comparison between Flight 360L003, several static test motors, Flights
360L0002, 360L001, and predictions. The correlation is very good with

Flights 360L002, 360L001, and slightly lower with static motors.
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4.5.2 Nozzle-to-Case Biaxial Strain Gages

The nozzle-to-case biaxials measure local rather than average strains.
Tables 19 through 20 show the maximum hoop stress values for the duration
of the flight (-10 to 120 seconds). The maximum stress occurred in the
hoop direction at Location 1, 180 degrees on the left SRB, and had a value

of 39.9 ksi. This gives a safety factor of 5.4 with the ultimate strength.

Tables 21 and 22 show a comparison with predicted values between -10 and
120 seconds. The hoop direction compares very closely, but the axial
direction is somevhat different. Previous static-fire tests have shown
that the nozzle-to-case joint gages do not compare as well to analytical
data in the meridional direction as in the hoop direction. Some possible
reasons for discrepancies with predicted values are discussed below:
o Some gages are located in the neck of the fixed housing, the
3-D model grid may not be fine enough to accurately predict
circumferential strain

o Analytical data was linearly scaled to the test data

o Nozzle stagnation pressure was estimated to be 824 psig at 20
seconds, but not measured.

o Nominal materials were used for the finite element model.
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4.6 Moment, Shear and Strut Forces

Six stations along the full length of the SRM contained biaxial strain
gages at four locations around the circumference (approximately 90 degrees

apart). From these, a stress plane at each station is generated. From

the stress plane, the Y and Z axis bending moments and axial loads are
computed. These results are compared to both previous flights and pre-
dicted 1loads at all significant operational periods including: prelaunch,

build-up, 1liftoff, shuttle roll maneuver, maximum acceleration, maximum

dynamic pressure, and separation.

4.6.1 Bending About The Y Axis (MY)

Figure 12 shows a typical case of bending about the Y axis (see pages A-1
through A-23, Appendix A). Initially, the case is seen to be bending in
the +Y direction which is caused by the orbiter weight. The magnitude
increases more or less linearly going down the case toward the hold down
point. There is an abrupt shift at Station 1501 which is caused by the
struts giving added support, and the fact that the case thickness at this
station is slightly greater (0.58 inch at Station 1501, 0.479 at other
stations). During SSME build-up, every station experiences a change from
positive to negative bending as the assembly bends over. The maximum value

6

was -264 x 10" in.-1b at Station 1797 on the 1left SRB (see page A-6,

Appendix A). This value compares well with the design maximum of
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-304 x 106 in.-1b. Upon lift-off, the values reduce significantly, coming
back to nearly zero for every station. During the shuttle roll maneuver,
the left SRB experiences an increase in bending, while the right SRB
experiences a decrease. This is because the nozzles are vectoring to cause
the roll, and the SRBs are essentially pivoting about the struts. At the
end of the roll, the change for the left and right SRBs is opposite for the
same reason. From this point on, the data are not very interesting, and
reduces to zero. The large spike seen at approximately 124 seconds occurs

at separation, and is typical of other flights.

Pages A-7 through A-23 of Appendix A are plots of the first three flights,
Flight 360L001, Flight 360L002, and Flight 360L003. Stations were chosen
on Flights 360L001, 360L002, and Flight 360LO03 that were as near as
possible to the stations used on these previous flights. As shown in the
figures, the correlation is very good. From these plots, the difference in
the roll maneuver between Flights 360L001, 360L002, and 360LO03 can be
noted. The roll maneuver of Flight 360L003 is most similar to 360LOO1.
The only notable difference is at Station 556 on the 1left SRB. Flight
360L001 is significantly higher, and follows a different path than Flights
360L002, and 360L003. Comparison between Flight 360L001 and Flights
360L002, and 360L003 could not be made for Station 556 and 876 on the right
motor because these stations have bad data for Flight 360L00l1. Also, there
wvas no instrumentation on the left SRB of the first three flights near

Station 556, so no comparison can be made there.
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4.6.2 Bending About The Z Axis (M2)

Figure 13 shows a typical case of bending about the Z axis (see pages A-24
through A-46, Appendix A). Initially, the top of the motors are seen to be
bending toward the external tank, which is caused by the weight of the
external tank and orbiter. Moving down the motor, the bending becomes less
then changes sign between Stations 1196 and 1466 as expected. At Stétion
1797, it changes back to the same sign as at the top of the motor, as ex-
pected. Upon liftoff, these same effects are seen with a larger magnitude
because the SRBs are firing, and the motor is essentially pivoting about

the attach points.

During the roll maneuver, Stations 1196 and 1466 show the same peaks as
bending about the Y axis with the exception that both the 1left and right

motors move in the same direction. This is caused by the sign convention.

During the first phase of the roll, the left motor is pushing away from the
external tank, and the right motor is pushing toward the external tank.
The opposite is true of the second part of the roll maneuver. Station 1797
js different from the other stations because after liftoff, it follows a

more or less linear path back to zero during the flight.

TWR-17542 v

REVISION _y DOC NO. ]wn
SEC I PAGE 56




CORPORATION

SPACE OPERATIONS

9617 UOT3I®3IS ‘SIXY Z a8yl noqv burtpuag €71

(SAN02J3S) 3NIL

2inbra

0clt 00!l 08 0s oy 0c 0
| | | | | 1 09—
84S 1HOIY 9611 ZW - - -
84S L4371 9611 ZW —
- Ot —
~ O —
i,
 an 0
. W
1
x — 0C
\ i
f.s_ _._\._W_m__..
A\ Y ',.. . -
Pidoma 4:.f3 . N __ o \___M_p.”. slo)%
[ 5_;.%_ ..v o 2 _._; . ' shal _(.--\ i ‘. . “
0 7! ‘ ¢ h.w’( ._,.)% .‘ ..A .‘?f. &\cé _.. ;\.vr
: 09

SIN3INONW

—NI

000°000°L X sA1

IV

TWR-17542

VoL

DOC NO.

SEC

57

]um

REVISION
A—




:z7E¢¢9MéZ?C?COM%mmn0N

SPACE OPERATIONS
Pages A-30 through A-46 are plots of the first three flights, Flights
360L003, 360L002 and 360LO01 as a function of time. Station 556 of Flight
360L001 shows a much lower magnitude than Flights 360L002 and 360L001.
Station 1466 shows a higher magnitude than the other flights. Comparisions
at the other stations show good correlation between Flight 360LO03 and

previous flights.

4.6.3 Axial Force, X Axis (VX)

Figure 14 shows a typical plot of axial force (see pages A-47 through A-69,
Appendix A). In this figure, a positive value represents a compressive
force, and a negative value represents a tensile force. Initially the SRBs
are subjected to the weight of the external tank, orbiter, and the weight
of the segments above the particular station. Since these are the only
forces acting axially, the result should increase linearly proceeding down
the case. Station 1501 shows a marked decrease in measured strain as seen
wvith bending about the Y and Z axis, and is caused by the increased case
thickness in this region. Upon SRB ignition, the cases immediately go into
tension as the motors pressurize and liftoff. The maximum value was 13,408
kips and occurred at Station 556.5 of the right motor. After this point,
the shape of the plot looks like the motor pressure plots. There is good
agreement between left and right motors. Some of the difference can be
attributed to the fact that the gages were zeroed at the end of the flight,
and the actual strain values experienced by the left and right motors, and

each station, were probably not exactly zero.
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Pages A-53 through A-69 are plots of the first three flights, Flights
360L003, 360L002, and 360L001. As shown in the figures, the shape of the
curves are very similar. The higher magnitude of Flights 360L003, 360L002,
and 360L001 can be explained by the fact that the redesigned boosters are
high performance motors, and obtain a higher operating pressure than the
older motors. The comparisons between Flights 360L003, 360L002, and

360L001 are very good.

4.6.4 Line Loads

Using the bending moment, and axial force data, the average line loads were
calculated. Pages A-70 through A-75 of Appendix A show the line load as a
function of time. These figures show a similar curve shape as axial force,
only with a different magnitude. The method of calculation of this line
load produces only an average value around the case, so it is not directly

comparable to maximum design line loads.

4.6.5 Strut Forces

Figures 15 and 16 show the resultant strut force in the Y and 2 directions
respectively. The left and right motors are mirror images of each other in
the resultant Y force direction. The left SRB shows a positive value while

the right SRB shows a negative value.
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4.7 Flight Envelopes

In general, the bending moments and axial force experienced by Flight
360L003 were either within the envelopes, or slightly out. The following
are some possible reasons all the 1loading did not fall within the
envelopes:
1. Several strain gages went into the calculation of each load,
and every gage has an uncertainty associated with the gage
itself, plus some drift might occur in each gage during the
flight.
2. Adjusting the strain data to end at zero adds some
uncertainty, since the exact strain experienced during free
fall is not known.
3. The program calculates a linear stress distribution from
strain data, and the case does not necessarily behave
linearly during flight.
It should be noted that the data compare favorably with previous flight

data, as expected. The time ranges used to find the maximum and minimum

values for each event are defined in Table 23.

4.7.1 Bending About The Y Axis

Pages A-76 through A-89 of Appendix A are plots of the maximum and minimum
values for Flight 360L003 and the envelopes for specific flight events.
These plots show the data fits the envelopes quite well. Those stations

that do fall outside the envelope are of a relatively small magnitude.
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4.7.2 Bending About The Z Axis

Pages A-90 through A-103 of Appendix A are plots of the maximum and minimum
values for Flight 360L003 and the envelopes for specific flight events.
These plots show that the data follows the correct trend, and is quite

close to the envelopes.

Table 23
Flight Event Time Ranges
Flight Event Time range (in seconds)

Pre-launch -15.0 to -7.0

Build-up -1.6 to -0.8

Lift-off 0.5 to 4.0

Roll maneuver 5.0 to 22.0

Max Q 27.0 to 76.0

Max G 72.0 to 90.0
Preseparation 119.0 to 124.0

-
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4.7.3 Axial Force

Pages A-102 through A-114 of Appendix A are the axial force envelopes and
the Flight 360L003 data plotted as a function of station. These data are

very near the envelopes.
5.0 POST FIRE INSPECTION RESULTS

Structural Applications Design Engineering performed a post-fire evaluation
of the Flight 360L003 forward, center, and aft field joints, aft exit cone
field joints, nozzle—tq—case joints, the igniter, and safe and arm joints
at Hangar AF. The internal nozzles and some of the factory jointé vere
disassembled and inspected at the refurbishment facilities in Clearfield,
Utah. The factory joint disassembly inspections were omitted except for
both aft segments, left forward segment, and the left_aft center segment.
This section documents the post-fire condition of Flight 360L003 sealing
surfaces and seals as noted during disassembly, and discusses all

observations assessed by the Seals Component Team.

In an attempt to standardize and document the evaluation of flight motors,
a standard evaluation plan has been written (see References 6 and 7).
Appropriate procedures contained in this plan were used to evaluate the
sealing system of all joints in the RSRM. The intent of this plan is to
ensure that all pertinent evaluation points of Flight 360L003 wefe examined

and documented in a consistent and complete manner. Also, to accurately
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document the magnitude of the types of damage that are seen, definitions
are presented in Table 24. The 1left motor will be discussed first, then
the right motor. The evaluation will start at the igniter and proceed down

the motors to the aft exit cones.

5.1 Left Motor Disassembly Evaluation

5.1.1 External Valk Around

The external walk around inspection revealed no signs of hot gas leakage

past any joints.

5.1.2 Safe and Arm Joint

There was no soot up to the primary seal on the S&A gasket. There was no
corrosion or damage found to the joint or gasket seals at the time of

disassembly.

5.1.3 Outer Igniter Joint (Adapter-to-Forwvard Dome)

No blow paths through the zinc chromate putty were present and there was no
evidence of hot gas leakage past the primary seal or damage observed on the

joint or gasket seals.

TWR-17542 v

REVISION 5 DOC NO. I voL
SEC l PAGE 66




T2 coAo€ corrorarion

SPACE OPERATIONS

Table 24 Post Fire Inspection Definitions

O-RINGS AND STAT-0-SBALS

Cut:

Scratch:

Nick:

Gouge:

Circumferential
or Radlal Flovline:

) Closed:

(it) Separable:
(111) open:

Hard Inclusion:

Porosity/Soft Inclusion:

Extrusion Damage:

Heat Effect:

Erosion:

CORROSION

Light Corrosion:

Medium Corrosion:

Heavy Corrosion:

Vidth, essentially zero (have to open up to
find the damage), and depth greater than
0.005 inch.

Vidth less than 0.005 inch and depth less
than 0.005 inch.

Vidth less than 0.020 inch, but greater than
0.005 inch; and depth less than 0.010 inch,
but greater than 0.005 inch.

Vidth greater than 0.020 inch and depth
greater than 0.010 inch.

Visible evidence of incomplete flow
or knit of the material.

Tightly adhered, not separable, does not
open vhen lightly probed.

Visually appears closed. Separates vhen
lightly probed.

Obvious separation or gap.

Foreign material enclosed in the seal
material.

An air pocket enclosed in the seal material.

Seal material pinched and/or cut due to
extrusion under pressure or an overfill
condition.

Glossy and/or hardened seal surface due to
hot gas impingement.

Seal materjal missing due to hot gas
impingement or blow-by.

Can be viped off by hand. Surface
discoloration.

Cannot be wiped off by hand without the use
of a Scotch-Brite material, methyl
chloroform, or grease soaked rag.

Starting to penetrate into the metal surface
such that pitting and/or metal material is
significantly eroded.
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5.1.4 Inner Igniter Joint (Adapter-to-Chamber)

No blow paths through the zinc chromate putty were present and there was no
evidence of hot gas leakage past the primary seal, or damage observed on
the joint or gasket seals. All stat-o-seals from the inner joint bolts were

damaged during disassembly.

There was corrosion, from the forward dome, on the tips of the transducer
bolts at 40, 100, and 180 degrees and in the bottom of all transducer bolt

holes located at 40, 100, 180 and 270 degrees.

5.1.5 Porward Field Joint

There was no sign of hot gas or soot past the J-leg. The grease coverage
was per design and no corrosion was found on any of the sealing surfaces.
Intermittent pin hole and shim area corrosion was found on the tang and
clevis. The 0.D. of the outer clevis leg showed moderate to light corrosion
from zero to 360 degrees. The joint was slightly contaminated with debris

and water from hydrolase operations which remove the joint protection

system.

No seal damage was observed at the time of disassembly, and the V2 filler
was properly installed with no visible damage. Detailed inspection of the

0-rings revealed no damage.

TWR-17542 v

REVISION DOC NO. | vou
SEC I PAGE 68




T2 oo conroraron

SPACE OPERATIONS

hydrolaze operations which remove the joint protection system.

No seal damage was observed at the time of disassembly and the V2 filler
wvas properly installed with no visible damage. No damage was observed on

the three 0-rings during detailed inspection.

5.1.8 Nozzle-to-Case Joint

There was no evidence of hot gas or soot past the polysulfide. The grease
application was per specification. There was no corrosion found on either
the fixed housing or the aft dome. No polysulfide extruded past the wiper
O-ring. Ten radial bolt hole disassembly plugs were damaged during the

disassembly process.

There were no signs of 0O-ring damage at the time of disassembly on the
primary, secondary, or wiper 0O-rings. Detailed inspection of the O-rings
found no damage to the primary or secondary O-rings. The wiper has a
radial gouge at 158 degrees that is 0.080 inch long by 0.025 inch wide by
0.010 inch deep. Inspection of the Stat-0-Seals found three that had open
flow 1lines, the longest being 0.4 inch 1long. Fifteen stat-o-seals were
found with closed flow lines, two that had excessive grinding on the I.D.

of the seal, and one that had a blister on the I.D. of the seal.
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5.1.9 Aft Exit Cone Joint (Joint 1)

This joint suffered extensive damage caused by splashdown. All the
phenolic on the aft exit cone was gone, as was all but 3 inches of the
primary O-ring, which was stuck between the glass phenolic and the metal
housing of the forward exit cone at 306 degrees. The secondary O-ring also
was cut and the portion of the O0-ring between 71 and 197 degrees was
missing. From the remaining RTV on the aft end on the forward exit cone it
was determined that no pressure paths were formed through the RTV, so no
pressure or soot reached the primary O-ring. Medium corrosion was found on
the aft face of the forward exit cone flange from 71 to 197 degrees. It
appears that because the secondary 0-ring was missing at this location, sea
wvater flowing through the joint caused degradation of the grease which
allowved the D6AC to rust. The aft exit cone shell sustained two radial
stamp marks that originate at the 146 and 157 degree bolt holes and
progress inwvard into the 0.D. wall of the secondary O-ring groove. The

stamp mark came from damaged heli-coils at those bolt holes.

5.1.10 Forvard End Ring-To-Nose Inlet Housing (Joint 2)

Inspection of the joint did not revealed any obvious pressure paths through
the RTV/adhesive of the joint interface. Soot was found in the high
pressure side of the primary O-ring groove from 342 degrees to 27 degrees.
Scalloped shaped sooting of the grease was found about half way between the

edge of the aluminum housing and the primary O-ring groove situated between
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bolt holes. No soot or evidence of blow-by was present past the primary
0-ring. No apparent damage to the primary or secondary O-rings was found
during preliminary inspection, and the sealing surfaces suffered no

assembly or disassembly damage.

Detailed inspection of the primary and secondary O-rings discovered no
damage to either O-ring. Also, inspection of the sealing surface revealed

no signs of heat-effect, corrosion, or disassembly damage.

5.1.11 Nose Inlet Housing-To-Throat Support Housing (Joint 3)

Detailed inspection revealed no pressure reached the primary O-ring and no
anomalies to the joint. Inspection of the primary and secondary O-rings
showved no damage. Inspection of the sealing surface found no disassembly

damage, heat effect or appreciable corrosion.

5.1.12 Forvard Exit Cone-To-Throat Support Housing (Joint 4)

Pressure did not reach the primary O-ring, and inspection of the joint
interface revealed no anomalous conditions. Inspection of the sealing
surfaces showed no signs of damage. The leak test port had heavy corrosion
in the bottom, no corrosion was on the sealing surfaces of the port plug
0-ring. Detailed inspection of the O-rings found no damage. Inspection of
the sealing surface found no disassembly damage, heat effect or appreciable

corrosion.
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5.1.13 Fixed Housing-To-Aft End Ring (Joint 5)

This joint showed no signs of pressure past the RTV; i.e., no heat-effected
grease, soot, or RTV voids. RTV completely filled the gaps betwveen the
inner boot ring and the aft end of the bearing protector. Inspection of the
sealing surface revealed no signs of damage. Detailed inspection of the
0-rings found no damage on the primary O-ring, and a 0.065 inch long by
0.010 inch wide by 0.005 inch deep nick on the secondary O-ring that was

caused during disassembly operations.

Inspection of all Stat-0-Seals shoved extensive damage of the fluorocarbon

portion of the seal from disassembly operations, which is expected.

5.1.14 Pactory Joints

The center forward cylinder-to-cylinder factory joint was not inspected for

the reasons stated in section 2. 2.

5.1.14.1 Forvard Dome-to-Cylinder Factory Joint. The outer clevis leg had

intermittent areas of light corrosion around the joint. Insulation and
Chemlok were found on the 1land forwvard of the primary O-ring groove

intermittently throughout the circumference of the joint.

Inspection of the port plug and port threads found no damage. Inspection

of the 0-rings found no damage on the primary or secondary O-rings.
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5.1.14.2 Forvard Cylinder-to-Cylinder Factory Joint. The clevis and tang

exhibited ten areas were pitting occured this pitting is belivied to be
fretting marks, reference 8 examines these fretting marks in depth.
Insulation and Chemlok were on the land forward of the primary O-ring

groove intermittently throughout the circumference of the joint.

The port plug and port threads were not damaged, but they had no grease on
them. Inspection of the O-rings found no damage to the primary or

secondary O-rings.

5.1.14.3 Center Forwvard Cylinder-to-Cylinder Factory Joint. Omitted.

5.1.14.4 Center Aft Cylinder-to-Cylinder Factory Joint. The outer clevis

leg outside diameter, the end of the outer clevis leg, the inside diameter
of the outer clevis leg, and the outside diameter of the inner clevis leg
all had medium to heavy corrosion with black areas on top of the heavy
corrosion areas intermittently around the circumference of the joint. The
inside and outside of the tang also had medium to heavy corrosion
intermittently around the circumference of the joint. The tang had two
areas vwhere the corrosion was heaviest. These areas were zero to 104 and
310 to 328 degrees. The joint area had minute quantities of debris inside
the area between the outer clevis inside diameter and the secondary O-ring.
This area probably was introduced to moisture because of the joint
protection system leakage. Chemlok and insulation were found up to the

primary O-ring groove intermittently around the circumference of the
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clevis.

The leak check port had nominal grease application on the threads, but the
conical portion was unlubricated. Inspection of the primary and secondary
O-rings found no damage to the primary O-ring, the secondary O-ring
suffered a nick 0.040 inch long by 0.020 inch wide by 0.005 inch deep

during disassembly of the joint.

5.1.14.5 ET-to-Stiffener Factory Joint. The outer clevis leg and the tang

outside diameter had light to medium corrosion intermittently around the
circurference of the joint. Insulation and Chemlok were on the land
forwvard of the primary O-ring groove intermittently throughout the

circumference of the joint.

Initial inspection of the port plug hole showed no damage. Inspection of

the primary and secondary O-rings found no damage to either O-ring.

5.1.14.6 Stiffener-to-Stiffener Factory Joint. Spotty areas of light to

medium corrosion were found on the outer clevis leg. A small area of
medium corrosion was found at zero degrees on the inside of the clevis. The
tang outside diameter had light to medium corrosion intermittently around
the entire circumference of the joint." Insulation and Chemlok were on the
land forwvard of the primary O-ring groove intermittently throughout the

circumference of the joint.
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Initial inspection of the port plug hole showed no damage. Inspection of

the primary and secondary O-rings found no damage to either O-ring.

5.1.14.7 Aft Dome-to-Stiffener Factory Joint. The outside of the outer

clevis leg had 1light to medium corrosion intermittently around the
circumference of the joint. No corrosion was observed in any other areas
of the joint. Insulation and Chemlok were on the land forward of the
primary O-ring groove intermittently throughout the circumference of the
joint. Scrathes were found on the outside diameter of the tang from 204 to

214 degrees.

Initial inspection of the port plug hole showed no damage. Inspection of

the primary and secondary O-rings found no damage to either O-ring.

5.2 Right Motor Disassembly Evaluation

5.2.1 External Valk Around

The external walk around inspection revealed no signs of hot gas leakage

past any of the joints.
5.2.2 Safe and Arm Joint (Adapter-to-Barrier Booster)

There was no soot up to the primary seal on the S&A gasket. There was no
corrosion or damage found to the joint or gasket seals at the time of

disassembly.

5.2.3 Outer Igniter Joint (Adapter-to-Forward Dome)
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There was no evidence of hot gas leakage past the primary seal and no seal
damage observed on the gasket. A putty blow hole was observed at 220
degrees. Soot was found on the outer diameter of the igniter chamber next
to the igniter boss from 140 degrees to 280 degrees. Soot was found
intermittently on the forward face of the gasket from zero to 280 degrees.
On the aft face of the gasket, there was soot from 18 to 360 degrees, and
no soot reached the primary seal. Intermittent corrosion was found on the

inside edge of the forward dome boss. No gasket seal damage was observed.

5.2.4 Inner Igniter Joint (Adapter-to-Chamber)

No blow holes were found in the putty, therefore no soot reached the inner
primary seal. There was some 1light soot on the outboard edge of the
retainer at 220 degrees from the blow hole on the outer joint. All
stat-o-seals from the inner joint bolts were damaged during disassembly. No

gasket seal damage was observed at the time of disassembly.

There was corrosion on the tip of the transducer bolt at 100 degrees. All

other bolts only had soot on the bottom end of the bolt.

5.2.5 PForvard Field Joint

There was no sign of hot gas or soot past the J-leg. The grease coverage

vas per design and no corrosion was found on any of the sealing surfaces.
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Intermittent pin hole corrosion was found on the tang and clevis. The 0.D.
of the outer clevis leg showed moderate to light surface corrosion from
zero to 360 degrees. The joint was slightly contaminated with debris from

hydrolaze operations which remove the joint protection system.

No seal damage was observed at the time of disassembly and the V2 filler
wvas properly installed with no visible damage. Detailed inspection of the

0-rings revealed no damage.

5.2.6 Center Field Joint

There was no sign of hot gas or soot past the J-leg. The grease coverage
vas per design and no corrosion was found on any of the sealing surfaces.
Intermittent pin hole corrosion was found on the tang and clevis. The 0.D.
of the outer clevis 1leg showed moderate to light surface corrosion from
zero to 360 degrees. The joint was slightly contaminated with debris from

hydrolaze operations which remove the joint protection system.

No seal damage was observed at the time of disassembly and the V2 filler
was properly installed with no visible damage. Detailed inspection of the
0-rings revealed no damage.

5.2.7 Aft Field Joint

There was no sign of hot gas or soot past the J-leg. The grease coverage
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vas per design and no corrosion was found on any sealing surfaces.
Intermittent shim area corrosion was found on the clevis and the 0.D. of
the outer clevis leg showed moderate to heavy corrosion from zero to 360
degrees. The tang showed intermittent pin hole corrosion and corrosion of
the shim areas around 232, 226, 220, and 212 to 208 degrees. The joint was
heavily contaminated with debris and water from hydrolase operations which

remove the joint protection system.

No seal damage was observed at the time of disassembly and the V2 filler
vas properly installed with no visible damage. Inspection of the O-rings

revealed no damage to the three O-rings.

5.2.8 Nozzle-to-Case Joint

There was no evidence of hot gas or soot past the polysulfide. The grease
application was per specification. There was no corrosion found on either
the fixed housing or the aft dome. No polysulfide extruded past the wiper
0-ring except at the 122 degree vent slot, and the polysulfide did not
reach the primary O-ring groove at this location. Thirteen radial bolt hole

disassembly plugs suffered damage between 304 and 9 degrees.

There were no signs of O-ring damage at the time of disassembly on the
primary or secondary O-rings. Howvever, inspection of the wiper O-ring on
disassembly revealed a scalloped shaped gouge (see Figure 11) at 334

degrees with dimensions of 0.250 inch in length by 0.180 inch in radial
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width by 0.040 inch deep. The gouge was caused by the radial bolt hole
plug at 333 degrees during the disassembly of the nozzle-to-case. Detailed
inspection found no damage to the primary O-ring, the secondary had a small
nick at 186 degrees. Inspection of the Stat-0-Seals found one that had
0.350 inch long open flow 1line, fifteen with closed flow lines, and two

that had excessive grinding on the I.D. of the seal.

5.2.9 Aft Bxit Cone Joint (Joint 1)

No pressure paths were found through the RTV, so no pressure or soot
reached the primary O-ring. Intermittent corrosion was found at the

polysulfide groove to aluminum housing interface on the aft exit cone.

No damage to the primary or secondary O-rings were observed at the time of
disassembly except that the primary O-ring fell out of the groove during
disassembly. Inspection of the O-rings conducted by the inspection team at
A2 revealed that both the primary and secondary O-rings sustained no

damage.

5.2.10 Forwvard End Ring-To-Nose Inlet Housing (Joint 2)

Inspection of the joint did not revealed any obvious pressure paths through
the RTV/adhesive of the joint interface. Soot was found in the high
pressure side of the primary O-ring groove from 272 degrees to 273 degrees.

Scalloped shaped sooting of the grease was found about half way between the
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edge of the aluminum housing and the primary 0-ring groove situated between
bolt holes, with the heaviest sooting occurring between 36 to 78 degrees
and 270 to 342 degrees. No soot or evidence of blow-by was present past the
primary O-ring. No apparent damage to the primary or secondary O-rings was
found on in the groove inspection, and the sealing surfaces suffered no

assembly or disassembly damage.

Detailed inspection of the primary and secondary O-rings discovered no
damage to either O-ring. Inspection of the sealing surface revealed no

signs of heat-effect, rust, or disassembly damage.
5.2.11 Nose Inlet Housing-To-Throat Support Housing (Joint 3)

Detailed inspection revealed no pressure reached the primary O-ring and no
anomalies to the joint were found. No apparent damage was found during
preliminary inspection of the primary or secondary 0-rings. Inspection of
the sealing surfaces revealed no signs of damage. Detailed inspection of

both O-rings revealed no signs of damage.
5.2.12 Forvard Exit Cone-To-Throat Support Housing (Joint 4)

Inspection of the joint revealed two pressure paths through the RTV
backfill at 185 and 330 degrees. No apparent damage to the primary or
secondary O-rings was found during preliminary inspection, and the sealing

surfaces suffered no assembly/disassembly damage.
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Inspection of the sealing surfaces showed no signs of damage. Detailed

inspection of the 0-rings shoved no damage.

5.2.13 Housing-To-Aft End Ring (Joint 5)

This joint showed no signs of pressure past the RTV; i.e., no heat-effected
grease, soot, or RTV voids. RTV completely filled the gaps between the
inner boot ring and the aft end of the bearing protector. Detailed

inspection of the O-rings found no damage. Inspection of the sealing

surfaces revealed no apparent damage.

Inspection of all Stat-0-Seals showed damage of the fluorocarbon portion of

the seal from disassembly operations, which is expected.

5.2.14 Factory Joints

All of the right hand motor factory joints except for the aft segment

factory joints were not inspected for the reasons stated in section 2.2.

5.2.14.1 Forwvard Dome-to-Cylinder Factory Joint. Omitted.

5.2.14.2 Porwvard Cylinder-to-Cylinder Factory Joint. Omitted.

5.2.14.3 Center Forwvard Cylinder—-to-Cylinder Factory Joint. Omitted.
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5.2.14.4 Center Aft Cylinder-to-Cylinder Factory Joint. Omitted.

5.2.14.5 ET-to-Stiffener Factory Joint. No corrosion was observed on the

outer clevis leg or in the joint areas. Scratches were observed on the
land betwveen the O-ring grooves at 74, 86, 90, 130, 170, 178, 180, and 266
degrees. Scratches were also observed on the 1land forward of the primary
groove at 74, 86, 90, 130, 162, and 170 degrees and downstream of the
secondary groove at 170 degrees. Pitting and raised metal was observed on
the tang downstream of the sealing surface at 168 and 170 degrees.
Insulation and Chemlok were on the land forward of the primary O-ring

groove intermittently throughout the circumference of the joint.

Initial inspection of the port plug O-ring, threads, and port hole showed
no damage. Inspection of the primary and secondary O-rings showed no

damage.

5.2.14.6 Stiffener-to-Stiffener Factory Joint. Intermittent areas of light

to heavy corrosion was observed on the outer clevis leg. No corrosion was
observed in the internal joint areas. Scratches were observed on the land
l between the O-ring grooves at 122, 130, 132, 136, 138, 142, 146, 150, 152,
‘ 156, 158, 160, 162, 164, 166, 168, 170, and 182 degrees. Scratches were
| also observed on the land forward of the primary groove at 261 degrees.
Insulation and Chemlok were on the land forward of the primary O-ring

groove intermittently throughout the circumference of the joint.
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Initial inspection of the port plug O-ring, threads, and port hole found no

damage. Inspection of the primary and secondary O-rings found no damage.

5.2.14.7 Aft Dome-to-Stiffener Factory Joint. Intermittent areas of light

to heavy corrosion vere observed on the outer clevis leg. No corrosion wvas
observed in the internal joint areas. Scratches were observed on the land
between the O-ring grooves at 206 degrees. Insulation and Chemlok were on
the land forward of the primary O-ring groove intermittently throughout the

circumference of the joint.

Initial inspection of the port plug and port threads found no damage
except that no grease was on them, including the conical transition area of
the port. Inspection of the primary and secondary O-rings found no damage

to either O-ring.

5.3 Leak Check and Vent Port Plug Post Flight Evaluations

The evaluation of the port plugs after flight use consisted of adding to
the port plug torque database, visual inspection of the port plug for

damage, and visual inspection of the port plug O-rings for anomalies.

Prior to removal, all port plugs had breakaway torques recorded. This
exercise was done to add to the port plug torque database so evaluation of

installation torque levels and locking devices can be made on each type of

port plug.

TWR-17542 Iv

REVISION 5 DOC NO. |wu
SEC l PAGE 8 4




T7cool corroranon

SPACE OPERATIONS

A summary of the post flight inspection evéluations of the port plugs and
port plug O-rings is contained in table 25. Port plugs in the field joints
and nozzle to case joints were removed during disassembly operations at
KSscC. Port plugs in the factory joints, internal nozzle joints and igniter
wvere removed at Clearfield. Factory joint inspections were vaived in
third flight and this carried over in the port plug inspections so most
port plugs were not available for inspection. The initial inspection of
the port plugs occurred at the time of removal. Closure plugs were removed
from the custom vent port plugs by the MTI O-ring Inspection Team. All
port plugs and O-rings were then inspected by the MTI O-ring Inspection

Team as a final inspection.
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During the initial inspection at KSC several observations were reported.
The most recurrent observation was the extrusion crease to the 0.D. and
I.D. of the primary O-ring on the custom vent port plug. The extrusion
damage was caused during installation of the port plug in to the port.
This damage is an acceptable condition due to the design of the primary
seal. The primary O-ring is used as a packing seal. When the vent port
plug (custom or adjustable) is fully installed in the vent port, the
primary O-ring extrudes out of the gland area and is damaged. The damage
is inherent to the design. The secondary O-ring taken from the right hand
aft field joint custom vent port plug had extrusion damage documented.
This damage was caused from an under sized port which was previously
documented. The port will be reworked prior to reuse of the cylinder.
Light corrosion on a port spotface was noted at one port. The planning to
install the port plugs has been updated on subsequent flights to include a
more thorough application of grease preservative to the port area to

prevent this type of corrosion.

Initial inspection of the port plugs removed at Clearfield found 1light
corrosion on one internal nozzle joint spotface. Port plug head gouges
were reported on three factory joint leak check port plugs. The gouges are
caused by pneumatic chisels used to remove the weather seal. The gouges do
not affect the use or removal of the port plug but the breakaway torque

readings taken for evaluation are invalidated.

The final inspection of the port plugs and O-rings by the MTI O-ring
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Inspection Team documented the I.D. cut/ scratch observation on the
shoulder O-ring from ten port plugs. This observation consists of a cut
that extends circumferentially around the I.D. of the O-ring. The length
and depth of the cut varies. A sharp last thread on the port plug is the
cause of the cut. The cut occurs as the port plug is removed from the port
and the O-ring is rubbed along the thread. O-ring installation aids wvere
used to install many of the discrepant O-rings on the port plugs to prevent
this type of damage during installation. O-ring installation aids are
being incorporated in the planning to be used with all small O-rings.
Separated flowlines were documented on the shoulder seal O-ring removed
from the right hand forward field joint leak check plug. These flowlines
are a result of the O-ring manufacturing process. They are not acceptable
conditions and corrective actions are being incorporated to keep this type
of anomaly off the RSRM. Small radial scratches were observed on the
barrier booster port plug seal surfaces. An investigation revealed the
scratches vere caused by sharp instrument used to remove the O-ring from
the port plugs during assembly. The assembly process has been changed and

increased inspection has been implemented to alleviate this problem.

5.4 Post-Fire Team Assessments

The Seals Component Post-Fire Assessment Team has reviewed all observations
presented in this document and has determined that the following two
observations were potential anomalies, classified as critical, major, minor

or remains observation, as defined under Table 26 criteria.
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5.4.1 Remains Observation
There were no anomalies that were classified as "remains observation".
5.4.2 Minor Anomalies

Two "potential anomalies™ were classified as minor anomalies.

These minor anomalies are:

1. 0.D. extrusion damage on secondary O-ring from right aft
field joint custom vent port plug.

2. Radial scratches across the sealing surface of MS9902-01 leak
test port plugs that are used in the barrier-booster and safe
and arm devices.

5.4.3 Major Anomalies
There were no major anomalies.
5.4.4 Critical Anomalies

There were no critical anomalies.

5.5 RPRB Position

The RPRB has excepted all the recommendations as presented (see
Appendix B).
TWR-17542 v
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Table 26
Criteria for Classifying "Potential Anomalies"
Anomaly
Remains
Observation Minor Major Critical
Requires no | Requires correc- Could cause failure | Violates CEI Spec.
Specific tive action, in combination w/ requirements
Action but has no other anomaly
impact on: Could cause failure
Could cause damage and possible loss
- Motor Performance| preventing reuse of mission/life
- Program Schedule of hardware
Mandatory resolution
Does not reduce Program acceptance before subsequent
usability of part of cause, correct- static test/flight
for its intended ive action, and
function risk assessment re-
quired before sub-
Could cause damage sequent static test
preventing reuse or flight
of hardware in
combination with
other anomaly
Significant depar-
ture from the his-
torical database
Note: These criteria to be applied to the specific observed "potential
anomaly" as it relates to the observed article and as it relates to
subsequent articles.
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APPENDIX A

Developmental Flight Instrumentation Plots
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